This paper presents experimental investigation of the effect of number of layers as well as the flow arrangement on the performance of a microchannel heat sink system (MCHS). The effect of flow rate on pressure drop, temperature uniformity, and outlet temperature in single and double layers MCHS under the effect of uniform heat flux condition was investigated. The MCHS used had micro channels with rectangular cross section. The heat flux applied during the experiments was varied from 5.0 to 13.68 W/cm 2 . The results of single layer MCHS were compared with theoretical predictions in order to validate the results of the present test rig. From the obtained results it was observable that the outlet temperature was highly dependent on the mass flow rate until a certain value after which change in the outlet temperature was minor. On the other hand, the pressure drop increased almost linearly with the increase in mass flow rate due to laminar nature of the flow. When multilayer systems were tested, the main observation was a significant reduction in the pressure drop compared to the single layer case for the same mass flow rate. Moreover, flow arrangement was found to have an impact on pressure drop which was smaller in the case of counter flow arrangement compared to parallel flow arrangement case. Flow configuration (parallel, counter, or cross-flow) had a significant effect on temperature uniformity over the heat sink area with counter-flow arrangement giving best temperature uniformity followed by the cross-flow arrangement. Change in the outlet temperature in the case of multilayer and single layer systems was not significate which may be due to the fact that the same mass flow rate was applied to all tested cases.
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INTRODUCTION
Microchannel heat sinks (MCHS) emerged in the last few decades as a strong candidate for cooling of computer microprocessors with its ever-increasing power. MCHS were reported to be capable of removing heat fluxes up to hundreds of Watts per square centimeter which attracted many researchers to study its performance in details. However, the majority of previous studies conducted in this area were numerical. This is attributed to the difficulties in the fabrication of such micro-scaled systems and the need for a high-pressure pumping source to force the flow inside the tinny sized channels. MCHS can be classified according to number of layers (single, double, and multilayer), channel cross section (e.g. rectangular, triangular, circular), and flow configuration (parallel, counter, and cross-flow).
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th Int. AMME Conference, 3-5 April, 2018 Previous studies in the area of Micro Channel Heat Sink systems can be divided into many research directions. The first research direction is concerned with numerical simulations of the effect of geometrical parameters on the performance of single layer MCHS systems. Sui et al. [1] Investigated the effect of variable wave length of wavy walled micro channel on the fluid flow and heat transfer. Kim et al. [2] investigated the effect of changing the channel cross section (e.g. rectangular, inverse trapezoidal, triangular, trapezoidal and diamond-shaped) on the MCHS performance. Kumaran et al. [3] investigated the effect of changing the header shape on the MCHS performance. They considered rectangular, triangular and trapezoidal configurations. Also, location of the inlet and outlet ports (e.g. I, C, V, Z and U-type arrangements) on flow mal-distribution in parallel micro-channels was investigated. Tan et al. [4] investigated the effect of making hollows with different cross section shapes (circular, rectangular and trapezoidal) in a rectangular fin on its performance. Zhao et al. [5] investigated the effect of geometry features, porosity and rotated angle for pin fin MCHS on its performance. Rostami et al. [6] investigated the effect of wavy wall MCHS on pressure drop, heat transfer and temperature uniformity along single MCHS surface. Also, Singh et al. [7] studied the effect of cross section design as in the previously mentioned studies, however; they considered other configurations such hexagonal and circular cross sections. Based on the findings of the previously mentioned studies it was clear that the heat transfer coefficient is maximum with the circular cross section MCHS followed by the hexagonal, then the rectangular, then the triangular ones. Also, wavy walled MCHS are accompanied with higher heat transfer coefficient than that of flat walled ones.
The second research direction is concerned with the effect of the cooling fluid type on heat transfer enhancement from the MCHS system. Ebrahimi et al. [8] investigated the Heat transfer and entropy generation in a MCHS with longitudinal vortex generators using nanofluids. Water-Al 2 O 3 and water-CuO nanofluids with different nanoparticle volume-fractions and sizes were compared to pure-water as working fluids. It was clear from this study and other similar studies that using nanofluid enhances the thermal conductivity of the fluid, decreases the thermal resistance and improves the uniformity of temperature distribution on the base surface of MCHS compared with the pure fluid case. Meanwhile using nanofluids leads to higher pressure drop when compared with pure fluid case.
The third research direction is concerned with the effect of number of MCHS system layers on the performance. Vafai et al [9] investigated the thermal performance, the temperature distribution and presented a procedure for optimizing the geometrical design parameters of double layered MCHS systems. Xie et al. [10] also presented a similar study to that of Vafai et al. however; they considered wavy and straight walled MCHS systems. They also considered the effect of the flow configuration, parallel and counter, and the effect of wave amplitude and volumetric flow ratio on the temperature distributions and thermal resistance. Adewumi et al. [11] investigated the effect of flow arrangement, parallel and counter, on the peak temperature of the substrate. They tried to optimize the dimensions of the multi-layered microchannel in terms of the channel hydraulic diameter, channel aspect ratio, solid volume fraction, for the fixed solid volume that minimized the peak temperature and maximized the thermal conductance. Effat et al. [12] in a similar study to that of Adewumi et al. investigated the effect of flow arrangement and number of layers on the thermal performance of a multi-layer MCHS. They considered a number of layers of up to three and parallel and counter flow arrangements were considered. Based on these MP Proceedings of the 18 th Int. AMME Conference, 3-5 April, 2018 studies it was clear that increasing number of MCHS layers lead to a decrease pressure drop and a more uniform surface temperature. Moreover the counter flow arrangement gives better uniform temperature than other flow arrangement cases.
In terms of experimental research efforts in the area of MCHS, Wu et al. [13] investigated the convective heat transfer in silicon trapezoidal MCHS with different surface conditions. Steinke et al. [14] investigated the thermal performance of straight rectangular micro channel. Ho [15] studied the pressure drop and heat transfer in single phase staggered square finned MCHS. Zhang et al. [16] conducted a comparative study between straight, U shape and serpentine MCHS. Gawali et al. [17] investigated the heat transfer characteristic, through a rectangular MCHS. Manay et al. [18] invetigated the effects of microchannel height and particle volume fraction of nanofluids on heat transfer and pressure drop characteristics. Deng et al. [19] conducted a comparative study between rectangular and reentrant rectangular micro channel (the upper part of channel is rectangular and the lower part is circular). From the previously mentioned literature the following points can be summarized; 1. Majority of research studies conducted in the area of MCHS systems is numerical and as a result more experimental effort are essential in this area. 2. Multi-layered MCHS systems showed promising performance when numerically studied, and as a result more investigations are still essential to maximize the heat flux that can be extracted from such systems.
Consequently, the aim of this present study is to experimentally investigate the effect of number of layers and flow arrangement on the performance of a rectangular cross section multi-layered MCHS system.
EXPERIMENTAL SETUP
The schematic of the MCHS system test rig installed in Assiut University is shown in Fig. 1a the facility is composed mainly of a micro gear pump, a power supply, heaters, pressure sensors, temperature sensors, MCHS Unit, supply and disposed water tanks, temperature and pressure display units and piping and wiring network. An Image of the installed components is shown in Fig. 1b ,1c minimize the heat loss from the MCHS unit to the surrounding ambient. The MCHS is covered with an acrylic cover of 10mm thickness, as shown in Fig.2 . 10. Thermal grace; (k > 0.925 W/m.k) was employed to fill the air gaps between the aluminum block and the pin heaters and between the aluminum block and the MCHS. , 11. Tubing; 3mm inner diameter plastic tubing is used to connect the supply tank, the gear pump, the MCHS unit and the disposed water tanks. 12. Flow rate was measured by a stop watch and a calibrated beaker.
MCHS FABRICATION METHOD
The MCHS units used in in the present study were fabricated by photolithography technique. The details of the procedure followed are; 1-Positive photoresist, AZ ECI 3027, was spin coated on pure copper sample (10 seconds at 500 r.p.m with an acceleration of 50 rad/s 2 and 50 second at 3000 r.p.m with an acceleration of 300 rad/s 2 ) and baked on a hotplate ( softback at 85 °C and 120 sec). 2-The photoresist was exposed to UV light on a pattern generator (Heidelberg µPG101, Heidelberg, Germany) and slides were baked on a hot plate (postbake at 110°C, 120 sec ). 
VAIDATION OF THE TEST FACILITY
In order to vaidate the output of the present facility, a single layer MCHS unit was considered. The flow rate range was from ݉ሶ = 0.18248 ‫ݏ/݃‬ ‫ݐ‬ 4 ‫.ݏ/݃‬ This range was selected to ensure single phase flow along the entire length of the MCHS without boiling. Fig 3 is a comparison between experimental measurements and analytical predications, Eqs.1and 2, of the temperature difference across the MCHS unit at different mass flow rates. From the figure it is clear that there is a good agreement between the two cases. The minor differences in the temperature difference are attributed to the heat loss to the surrounding atmosphere through the insulation that shrouds the unit.
MP
Proceedings of the 18
th Int. AMME Conference, 3-5 April, 2018 ܳ ሶ = ݉ሶ ‫ܥ‬ ∆ܶ , where
As shown in Fig. 3b it is observable that the MCHS efficiency, Eq. 3. is higher than 90% all over the tested range of mass flow rates and heat fluxes. Based on the information presented in Figs. 3a and 3b , it is clear that the results obtained from the facility are accurate and the error is within the range of uncertainty. We noticed that increasing mass flow rate results in an almost linear increase of the pressure drop due to the increased shear stress on microchannel walls. This linear increase is expected since flow in the microchannels forming the MCHS is laminar (Re ≤ 1000). This effect is further magnified due to the decrease in coolant temperature, and subsequent increase in viscosity at high mass flow rates, which leads to high viscosity, high surface shear force, and even higher pressure drop. On the other hand, increasing the heat flux resulted in a slight decrease in pressure drop due to reduction in liquid viscosity at the higher generated temperatures.
MCHS efficiency η=
Double Layer MCHS
Adding a second layer of microchannels to the MCHS produces new possibilities for configuring flow of the liquid inside the MCHS. In addition to parallel flow arrangement which is the most intuitive with the flow in the bottom and top microchannel layers moving in the same direction, counter flow and cross flow arrangements are also possible. In Counter flow arrangement, liquid in the top microchannel layer flows in an opposite direction to liquid in the bottom layer, whereas in cross flow arrangement, flow in the top layer is perpendicular to flow in the bottom layer. In the next few sections we will study the effect of these three flow MP Proceedings of the 18 th Int. AMME Conference, 3-5 April, 2018 arrangements on performance of the MCHS using single-layer MCHS as the base of comparison.
Effect of number of layers and flow arrangement on pressure drop
The most significant effect on adding a second microchannel layer to the MCHS is the huge reduction (about three folds) in pressure drop at the same mass flow rate, Fig 5 .This is caused by cutting down the flow in each layer to half its value in the single MCHS. The flow arrangement itself did not have a significant effect on the pressure drop with pressure variations expected to be because of changes in liquid viscosity in each case due to changes in temperature distribution. For example, counter-flow arrangement gave the lowest pressure drop because it exhibits high temperature, and thus lower viscosity, for longest length of the microchannel compared to parallel-and cross-flow cases as discussed in the next section. The numerical findings of Effat et al [12] , supports the present ones as they stated that the pressure drop associated with counter flow arrangement is lower than that of parallel flow as well.
Effect of number of layers and flow arrangement on temperature uniformity and outlet temperature
Adding the second microchannel layer did not reduce the outlet temperature of the coolant since flow rate and heat flux was fixed when comparing single-layer and double-layer MCHS which should result in the same temperature difference between the outlet and inlet streams according to equation (1), Fig 6-a. A better criterion for assessing benefit of adding the second layer is measuring the temperature on the heated surface itself not the outlet flow. However this was not possible with the current available measurement tools.
On the other hand, flow configuration significantly affected the temperature distribution on the MCHS, Fig. 6 -b. At low flow rates, counter-flow arrangement showed better uniformity in temperature distribution along the top microchannel layer because, unlike parallel flow arrangement, cold liquid is introduced to the MCHS from both sides. Such experimental results agree well with the numerical results mentioned by Effat et al. [12] . As expected, cross-flow arrangement showed intermediate temperature uniformity between counter-and parallel-flow arrangements.
CONCLUSION
In this paper, experimental investigation of the effect of number of layers single and double, as well as the flow arrangement on the performance of a microchannel heat sink system (MCHS) was presented. The effect of flow rate on pressure drop, outlet temperature of the coolant, and temperature uniformity on single and double layers under the effect of uniform heat flux condition was considered. The MCHS used had micro channels with rectangular cross section (W x H ≈ 300 x 100 µm). The heat flux applied during the experiments was varied from 5.0 to 13.68 W/cm 2 . The results obtained can be summarized in the following points; 1-The outlet temperature is highly dependent on the mass flow rate until a certain value, after which change in the outlet temperature was minor, for both single and double layer cases.
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th Int. AMME Conference, 3-5 April, 2018 2-The pressure drop accompanying the application of multilayer concept is significantly small when compared to the single layer case for the same mass flow rate. 3-The flow arrangement has a slight impact on the pressure drop whereas it has a clear impact on the temperature uniformity over the heat sink area. 
